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ABSTRACT 
Outgrowth  of thc stolon in thc hydroid Cordylophora  has been studied at thc cellular  Icvcl. 
Staining experiments and histological  cxamination indicatc that the gcncrativc region of 
the stolon is at its base whcrc interstitial  cells  arc promincnt. Cclls in the cctodcrm at the 
stolon tip appear to bc activcly synthcsizing new pcrisarc as thc tip advanccs ovcr thc 
substratc, rather than involved in prolifcration.  Thc fine structurc of ccllular  rclationships 
in thcsc rcgions has bccn considcrcd and an attcmpt has bccn madc to corrclatc thc struc- 
ture and distribution  of intercellular  attachmcnts with these various functional zoncs along 
the outgrowing stolon.  Intercellular  attachments arc similar  to thosc previously dcscribcd in 
Hydra, but favorablc cases providc a more complctc description. Thc scrics  of intcrccllular 
scpta each consist  of two clcctron-opaquc  bodics lying close togcthcr midway betwccn thc 
two plasma mcmbrancs  and separated from the membranes  by a rcgion of Icsscr  dcnsity. 
Thc plasma mcmbrancs  contain clcctron-opaquc  and transparcnt rcgions which altcrnate 
with thc sepia. Thcsc rcgions cxtcnd ovcr about 70 A. The position of intcrccllular  con- 
ncctions rclativc  to thc outcr surfacc of thc ccnosarc varies in diffcrcnt  parts  of the stolon. 
INTRODUCTION 
The  hydroid  Cordylophora lacustris has  a  simple 
colony pattern  consisting of hydranths arranged 
on tubular stems arising from stolons.  The stolon 
tip may grow over the substrate at a rate of about 
0.1  mm/hour giving rise at about 3 mm intervals 
to hydranth-bearing uprights. This rather regular 
pattern of tubes makes favorable material for study 
of the shape and proportions of the growing system 
(1,  2),  An investigation of some aspects  of these 
processes at the cellular level has been attempted 
by examining the  change in position of marked 
cells relative to a  fixed  point on the substrate, by 
considering the disposition of interstitial cells and 
by considering the fine structure of free  and ad- 
jacent cell  surfaces  in these  regions. The parts of 
the colony selected  for study were those  with the 
simplest morphology in the belief that disposition 
of ceils in a growing tube or sheet (3-5) would be 
the  easiest  to follow.  Three regions of the  stolon 
were  compared,  the  advancing  tip,  the  region 
associated  with an early hydranth bud just behind 
the tip, and an older part of the stolon separated 
from the  advancing tip by four or five uprights. 
This  procedure  made  it  possible  to  distinguish 
actively synthesizing and generative regions of the 
stolon, and to study the distribution of intercellular 
connections relative  to  these  regions.  The  fine 
structure of these connections has been observed 
with a degree of detail not previously described. 
MATERIALS  AND  METHODS 
Cordylophora  colonies  were  maintained  on  glass 
slides  in  33.3  per  cent  artificial  sea  water 
(Schmalz's  formula)  and  fed  on  Artemia  larvae 
once  daily.  In  marking experiments various re- 
gions of the  stolon were  stained with  Nile  blue 
661 sulfate. This was done by cutting and folding back 
the perisarc with fine steel needles, placing a  small 
piece of agar containing dye  over the stolon,  and 
holding it in  place  30  to  45  minutes  with a  glass 
bridge.  This  procedure  produced  a  stain  which 
was clearly visible for 12 to 24 hours or more. The 
stain  could  be  seen  as  a  series  of small  globules 
localized  in  the  large  vacuoles  of  the  ectoderm 
cells.  After several  hours  it  spread  to  the  gastro- 
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Summary  of staining  experiments,  a.  Stolon  tip 
stained  and  observed  20  hours  later  (case  C2). 
b.  Region  0.25  mm  behind  tip  stained  and  ob- 
served  8  hours  later  (case  C).  ¢.  Region  in  the 
stolon  separated  from  the  tip  by  four  uprights 
stained  and  observed  16  hours  later  (case  J2). 
d. Region of the stolon associated with the last de- 
veloping  upright  stained  and  observed  16  hours 
later  (case J).  Arrows indicate the point at which 
a  mark  was  made  on  the  glass  slide  over which 
the stolon was growing. 
dermis  (see  reference  6),  but  only  the  ectoderm 
was stained  consistently so that  results from  these 
experiments  apply largely to  this layer.  The posi- 
tion  of stain  and  stolon  tip could  be recorded  by 
marking  the  slide. 
Generative  regions  were  studied  by  immersing 
the organisms  for a  4  to  6  hour  period  in freshly 
prepared  colchicine  (Nutritional  Biochemicals 
Corporation,  Cleveland) in 33.3 per cent artificial 
sea  water  made  up  in  a  concentration  of  1:104. 
After treatment,  tissues were  fixed in  10  per cent 
formalin,  embedded  in  paraffin,  sectioned,  and 
stained  in  Feulgen or iron hematoxylin. 
For  the  study  of  fine  structure,  tissues  were 
fixed  in  1  per  cent  osmium  tetroxide  buffered  at 
pH  7.9  (7)  and  embedded  in  Epon  812  (8).  Ma- 
terial  was  cut  on  a: Porter-Blum  microtome with 
glass  knives,  mounted  on  carbon-coated  grids, 
stained  in uranyl  acetate  (9),  and  examined with 
an  RCA EMU-3 electron microscope. 
RESULTS 
Growth and Movement of Stolon Cells 
If the tip of the outgrowing stolon is marked by 
staining,  the stain remains confined to cells of this 
region though the stolon may advance a  consider- 
able  distance  over  the  substrate.  If  the  stolon  is 
stained  0.25 mm or more behind  the tip the same 
results are obtained.  The stained  cells move along 
the  substrate  always remaining  the same distance 
from  the tip.  In older  parts  of the  stolon,  stained 
cells  do  not  shift  relative  to  the  substrate  even 
though  the  stolon  tip  advances.  These  results 
would require a growth center somewhere between 
FIGURE 
Section  cut through the long axis of the stolon including the bud of a  developing upright  and the 
stolon tip. A  plaque of densely packed interstitial cells  (arrow)  occurs at the base of the bud on the 
side nearest to the tip. These cells are sparse at the tip itself.  Iron hemato×ylin, a,  X  400, b,  X  120. 
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stolon is stained  at the base of the first developing 
upright  behind  the  tip,  then  as  the  tip  advances 
the  stained  region  lengthens.  About  20  staining 
experiments  of  these  types  were  performed.  Re- 
sults  of  sample  cases  are  illustrated  diagram- 
matically  in  Fig.  1.  If  the  stolon  is  examined 
histologically in the region of the presumed growth 
center,  a  prominent  plaque  of  densely  packed 
interstitial cells is observed at the base of the epi- 
dermis  on  the  side  of  the  upright  towards  the 
developing tip  (Fig.  2).  Mitoses were observed in 
this vicinity. The role of interstitial cells in hydroid 
growth  is  considerable  (6,  t0).  Their  density  is 
greatest in fast growing regions though other cells 
also  proliferate.  On this basis one can distinguish 
the older and  the more newly formed parts of the 
tissue  and  expect  to  find  relatively  stable  cell 
surface relationships marked  by intercellular con- 
nections (11)  in the major part of the stolon. 
Fine Structure  of Intercellular  Connections 
In regions of the cell surface where visible inter- 
cellular  connections  are  absent,  the  plasma 
membrane is about 75 A  thick and has a  structure 
corresponding to that described by Robertson (12) 
(Figs.  3  to  5).  It consists  of two dense lines each 
about 25 A wide separated by a 25 A layer of lesser 
density  in  which  no  structural  features  can  be 
discerned.  The  two  dense  lines  appear  to  be  of 
equal  thickness  in  most  preparations  (but  see 
reference  11).  The  plasma  membranes  of  two 
adjacent  cells  generally  lie  150  to  200  A  apart. 
Over a  considerable part of the cell surface, if not 
over all of it,  this intercellular region may appear 
structureless.  In  contrast,  in  regions  with  inter- 
cellular connections structural features are evident 
in  the  intercellular  region,  in  the  central  layer 
of  lesser  density  in  the  plasma  membrane,  and 
also  in  the  cytoplasm  immediately  under  the 
plasma membrane.  The general character of these 
intercellular  connections  as  well  as  their  dimen- 
sions and  distribution  conform  to  the description 
given  by  Wood  for Hydra. The  present  material 
adds  detail.  In  section  these  structures  have  a 
ladder-like  appearance  in  which  two  adjacent 
plasma  membranes  are  connected  by  a  series  of 
rungs.  These  connections are visible in all planes 
of section  and  therefore  presumably  form a  com- 
plete belt around  the cell. They can be seen as a 
belt  around  cellular  extensions  running  at  right 
angles  to  the  plane  of section  (Figs.  4,  8).  The 
connections  or septa  thus  divide the  intercellular 
region  into  a  series  of  compartments  (11).  In 
favorable  preparations  septa  appear  to  consist  of 
two  symmetrical  halves,  In  each  septum  two 
electron-opaque  bodies lie close together  midway 
between  the  two  plasma  membranes  and  are 
separated  from  the  membranes  by  a  region  of 
lesser  density,  These  electron-opaque  bodies  are 
somewhat elongated in a  direction parallel to the 
cell  membrane  suggesting  connections  between 
septa  as well as  between  septum  and  membrane. 
Wherever  a  septum  occurs,  the  central  layer  of 
lesser  density  of  the  plasma  membrane  appears 
unchanged,  but  in  the region  between  septa  this 
component  of  the  membrane  is  electron-opaque 
forming  a  sort  of  checkerboard  pattern.  These 
features  are  seen  best  in  Fig.  5  in  those  regions 
designated  as A  in the drawing  (Fig.  6).  Here the 
image  is  sharpest  and  therefore  membranes  and 
septa are probably  the least tipped  relative to the 
plane  of section  and  appear  in  their  truest  rela- 
tionships.  Where intercellular connections are cut 
more obliquely (Fig. 6, B  and Fig. 8), they appear 
as  bars  spanning  the region between  cells. When 
the section is cut tangential to the cell membrane, 
they appear  as a  series of long parallel bars  (11). 
A  condensation of cytoplasmic material at regions 
of intercellular  attachments  noted  by Wood  (13) 
is frequently evident. 
Attempts  to follow the development of septa  in 
generative  parts  of the  stolon  were  unsuccessful. 
The only definite intercellular structure seen other 
than  septa  was  a  faint  line  midway  between  the 
two  plasma  membranes  (Fig.  3).  No  convincing 
cases of periodicity of the plasma membrane of the 
same type as that seen in intercellular connections 
were observed in other regions of the cell surface. 
However,  some  suggestion  of periodicity  as  illus- 
trated  in  Fig,  3  was  not uncommon.  In  the  case 
illustrated  it  occurs  together  with  definite  cyto- 
plasmic condensations near the surface. 
Distribution of Intercellular Connections 
In  older  parts  of  the  stolon  the  intercellular 
connections described above are prominent in both 
epidermis  and  gastrodermis  where  intercellular 
contact areas intersect the free surfaces of the cells 
as in Hydra (11).  Septa  are localized in  the outer 
fifth  to  tenth  of  the  intercellular  contact  areas. 
They are never associated with interstitial cells or 
nematocytes.  In ectoderm,  septa  typically extend 
to  the  extreme  outer  edge  of the  tissue.  Thus  in 
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of the cenosarc  appears  to  be  bound  into a  sheet 
(Figs.  7,  8). 
In the major part of the extending stolon which 
is  moving  forward  as  a  mass  from  the  growth 
center,  the  outer  free  surface  has  the  same  ap- 
pearance as in older parts of the stolon; the plasma 
membranes  are  relatively  smooth  and  septa  ex- 
tend  to the surface.  It is only at the rounded  end 
of the advancing column that  the surface appears 
different (Figs. 9,  10).  Here septa are never found 
at the outer surface of the ectoderm but are always 
considerably  below  it.  In  the  outermost  region 
adjacent ceils are loosely and sometimes somewhat 
irregularly juxtaposed.  The  free  cell  surface  also 
has a  different character.  It tends to be crenated. 
The  cytoplasm  contains  numerous  vacuoles  of 
various  sizes  and  densities,  and  Golgi bodies  are 
prominent  (Fig.  11).  Typically many vacuoles are 
semicircular  in  section  with  curled  edges  and 
sometimes  contain  material  similar  in  texture  to 
the  chitinous  (1,  14)  perisarc  which  covers  the 
surface. Vacuoles such as these are not commonly 
associated  with  secretion,  at  least  as  it  has  been 
studied  in a  variety of vertebrate cells (15).  They 
could  be  a  preparation  artifact,  although  they 
are consistently present here in tissue that appears 
well fixed.  Since the  stolon  advances  at a  rate  of 
about  0.1  ram/hour,  perisarc  must  be  actively 
laid down in this region. It therefore seems reason- 
able  to  ascribe  the  evidence  of  cytoplasmic  ac- 
tivity  seen  here  largely  to  secretion  of  perisarc, 
though experiment would be required to determine 
how far surface activity is due to uptake or output 
of the  cells.  In  the  present  connection,  the  point 
of main  interest  is  that  where  surface  activity of 
this magnitude exists septa are never present. 
In  the  growing  region  of the  stolon  new  ceils 
are being added  to epidermis and gastrodermis by 
division  and  from  the  high  population  of  inter- 
stitial  cells  (6,  10).  This  might  be  expected  to 
involve some  shifting  of intercellular  connections 
and  formation  of new  septa.  If a  comparison  is 
made  between  this  region  and  the  older  stable 
part  of the  stolon,  it  is  apparent  that  septa  are 
frequently absent  near  the free epithelial  surface. 
They  may  be  inconspicuous  or  possibly  absent 
along  the  whole  cell  boundary  but  this  is  not 
regularly  the  case.  The  outer  surface  remains 
largely  smooth  in  outline  unlike  the  stolon  tip. 
Since  Cordylophora is  athecate,  one  would  expect 
very little  synthesis  of perisarc  in  cells in  the vi- 
cinity of a  region about to form a  new hydranth~ 
As  noted  above,  no  evidence  could  be  obtained 
concerning  the  development  of intercellular  con- 
nections from  a  study  of this  region~  It might  be 
concluded  that  their  formation  is  a  relatively 
rapid process. 
DISCUSSION 
The athecate species of hydroids follow the mono- 
podial growth pattern diagrammed by Kfihn  (16) 
in which  below each hydranth  there is a  growing 
zone which is capable  not only of elongating  but 
of  giving  off  new  buds.  Kfihn's  diagram  corre- 
sponds  almost  perfectly with  the  growth  pattern 
of  Cordylophora (17)  except  with  regard  to  the 
stolon tip which is indicated  as a  zone of growth. 
The present marking experiments and histological 
studies  indicate  that  although  this  is  a  zone  of 
outgrowth  it  is  not  in  itself a  generative  region. 
Although  this  region  advances  rapidly  over  the 
substrate,  the generative region proper seems to be 
associated with the developing upright just behind 
the tip.  Such a  disposition of the generative region 
would  be parallel  to  that  in Hydra (6,  10)  where 
the main generative region near the distal end of 
the  column  continually  contributes  new  cells  to 
FIGURE 3 
Adjacent cell boundaries showing cytoplasmic condensations just below the cell mem- 
brane tending to run normal to it (indicated by arrow). The unit membrane character 
of the plasma membrane is evident. There is a  faint indication of intercellular  struc- 
ture.  >(  100,000. 
F~G~  4 
Intercellular  connections  between  two  to four  cells.  Cell processes  running  at  right 
angles to the plane of section may be surrounded by septa.  Septa have a  double char- 
acter,  and  a  periodicity in the plasma  membrane  is  associated with them.  Vacuoles 
of various types in the cytoplasm have a structure similar to that of the plasma mem- 
brane.  )<  100,000. 
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Same as Fig. 4.  X  249,000.  See Fig. 6. 
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the  observation  that  (1,  2)  stolon  tubes  always 
come out of some old part of the colony as at the 
base  of a  well developed upright.  The  advancing 
stolon would thus  be pushed forward  as a  hollow 
column growing from its  base rather  than  its tip. 
The fine structure  of cells at the stolon  tip sug- 
FIGURE 6 
Drawing  of Fig.  5.  Where  the  image  is  sharpest 
and structure  of intercellular connections is clear- 
cst, the section is cut normal to the cell membrane 
(A).  Where septa  appear  as solid bars,  the mem- 
branes  lie obliquely  (B). 
gests  that  they  are  actively involved in  secreting 
perisarc.  This activity itself should eliminate these 
cells as a major generative source (18). The growth 
pattern  of  the  stolon  enables  one  to  distinguish 
three  regions:  stable  regions  in  the  older  part  of 
the colony where over a  period of at least seeeral 
hours  no  conspicuous  cell  movements  or  mitotic 
activity  takes  place,  generative  regions  where 
interstitial  cells are  numerous  and  where  mitoses 
and an increase in mass are evident, and advancing 
regions in which a  coherent mass moves over the 
substrate  increasing  the  area  covered  by  the 
colony. A  comparison of the character of adjacent 
cell surfaces in  these various regions of the stolon 
shows  that  visible  intercellular  connections  are 
present  throughout.  In  stable  and  in  advancing 
regions,  except  at  the  extreme  tip  of  the  stolon, 
one might expect little if any  shifting of cell sur- 
faces relative to one another.  In generative regions 
such shifting must be highly localized. Intercellular 
connections  are  conspicuously  absent  at  the  ex- 
treme stolon  tip where cell surfaces are obviously 
metabolically active, are frequently absent  at the 
surface in generative regions,  and  never observed 
at  the  surface  of nematocytes  or  interstitial  cells 
which  are highly mobile.  These  connections  thus 
seem  to  be  associated  with  stable  surface  rela- 
tionships.  The  electron-opaque  components  of 
these intercellular connections do not show a  con- 
tinuous  bond  between  the  cell  surfaces  but  are 
more  suggestive  of a  cog-like  arrangement.  The 
pattern  of one  cell  surface  is  aligned  with  inter- 
cellular elements and  with the corresponding  pat- 
tern  in  the  opposite  surface.  An  effectively con- 
tinuous  bond  therefore  exists,  though  it  is  not 
homogeneous.  This  arrangement  is  similar  to 
desmosomes  seen  in  vertebrate  tissue  in  that  it 
involves  matching  of  local  patches  at  the  cell 
surface. The scale is different here, for the alternate 
electron-opaque  and  transparent  regions  in  these 
cell membranes extend over roughly 70 A  whereas 
desmosomal patches may extend for 0.7 micra (19). 
Although no clear-cut cases of developing inter- 
cellular  connections  were  observed,  cell  mem- 
branes  such  as  the  membrane  in  Fig.  3  are  sug- 
gestive of incipient  stages  in  the  processes.  Here 
cytoplasmic  condensations  normal  to  the  cell 
membrane  are  prominent  and  there  is  a  vague 
suggestion  of periodicity as well as  the  beginning 
of  intercellular  structure.  Such  an  arrangement 
suggests that the bipartite structure of intercellular 
connections  begins  to  form  first  within  the  cells, 
though  of course  this picture could also represent 
dissolution  of the  connection.  The  association  of 
these  structures  with  stable  cell  surfaces  and  the 
very  precise  alignment  which  they  finally  attain 
provide some  basis  for  considering  them  the ma- 
terial  continuity  postulated  by Berrill  (20)  as  the 
seat of tissue  pattern  and  behavior. 
This research supported  by grants  from the  United 
States Public Health Service (B3846  and CA 03544- 
06).  Facilities for electron microscopy were provided 
by Dr.  Hewson  Swift. 
Received for publication, November 7,  1962. 
JANE OVERTON  Intercellular  Connections  in  Outgrowing  Stolon  667 REFERENCES 
1.  FULTON, C., The Biology of a  Colonial Hydroid, 
Ph.D.  Thesis,  New  York,  The  Rockefeller 
Institute,  1960. 
2.  FULTON, C.,  The development of Cordylophora, in 
The  Biology of Hydra,  (H.  Lenhoff and  W. 
Loomis, editors),  Coral Gables,  Florida,  Uni- 
versity of Miami Press,  1961,  287. 
3.  OVERTON, J.,  Mitotic stimulation  of amphibian 
epidermis  by  underlying  grafts  of  central 
nervous tissue, J. Exp. Zool.,  1950,  115,  521. 
4.  OVERTON,  J., Studies on the mode of outgrowth 
of the amphibian pronephric duct, J. Embryol. 
and Exp.  Morphol.,  1959,  7, 86. 
5.  OVERTON,J., Desmosome development in normal 
and  reassociating  cells  in  the  early  chick 
blastoderm,  Develop. Biol.,  1962,  4,  532. 
6.  BURNETT, A.,  The  growth  process  in  Hydra, 
J. Exp. Zool.,  1961,  146,  21. 
7.  PALADE, G.  E.,  A  study  of fixation for electron 
microscopy, J. Exp. Med.,  1952,  95, 285. 
8.  LUFT, J., Improvement in epoxy resin embedding 
methods, J. Biophysi¢. and Biochem. Cytol.,  1961, 
9, 409. 
9.  WATSON, M.,  Staining of tissue sections for elec- 
tron  microscopy  with  heavy  metals,  J.  Bio- 
physic, and Biochera. Cytol., 1958,  4, 474. 
10.  BRnSN,  P.  and  R~NIERS-DECOEN, M.,  La  sig- 
nification des cellules interstitielles des  hydres 
d'eau  douce  et  le  probl~me  de  la  rfserve 
embryonnaire, Biol. Bull.,  1955,  89, 258. 
11.  WOOD, R.,  Intercellular  attachment  in  the epi- 
thelium of Hydra as  revealed by electron mi- 
croscopy, or. Biophysic. and Biochem. Cytol.,  1959, 
6, 343. 
12.  ROBER~ON, J., The ultrastructure  of cell mem- 
branes  and  their  derivatives,  Biochem. Soc. 
Symp.,  1959,  16, 3. 
13.  WooD,  R.,  The  fine  structure  of  intercellular 
and  mesogleal  attachments  of epithelial cells 
in Hydra, in The  Biology of Hydra,  (H.  Len- 
hoff and  W.  Loomis,  editors),  Coral  Gables, 
Florida, University of Miami Press,  1961, 51. 
14.  HYMAN, L., The Invertebrates: Protozoa through 
Ctenophora,  New  York,  McGraw-Hill  Book 
Company,  1940,  400. 
15.  KUROSUMI, K.,  Electron microscopic analysis  of 
the secretion  mechanism,  Internat.  Rev.  Cytol., 
1961,  11,  1. 
16.  K~HN,  A.,  Entwichlungsgeschichte  und  Ver- 
wandtschaftsbeziehungen  der  Hydrozoan, 
Ergebn. u. Fortschr. Zool.,  1914,  4,  I. 
17.  CROWELL,  S.,  Developmental  problems  in 
Campanularia,  in  The  Biology of  Hydra,  (H. 
Lenhoff  and  W.  Loomis,  editors),  Coral 
Gables,  Florida,  University  of  Miami  Press, 
1961, 297. 
18.  WEISS, P., Principles of Development, New York, 
Henry Holt and Co.,  1939, 85. 
19.  ODLAND, G.,  The  fine  structure  of  the  inter- 
relationship  of cells in the  human  epidermis, 
J. Biophysic. and Biochem. Cytol.,  1958,  4, 529. 
20.  BERRILL, N., Growth Development and Pattern, 
San Francisco, W. H. Freeman and Co., 1961, 
230. 
FIGURE 7 
Two cells of the epidcrmis in the stable part of the stolon bound by intercellular con- 
nections extending all the way to the free epithelial surface.  X  39,000. 
~GUaE 8 
Same as Fig. 7.  X  39,000. 
FIGURE 9 
Free surface of two epidermal cells at the rounded tip of the stolon. Compared to that 
in Figs.  7 and  8  this surface is  irregular and  may have pockets  (A).  Newly forming 
perisarc  (B)  is closely associated with it. Adjacent cells are separated by irregular dis- 
tances  and  no intercellular connections  are evident.  Cytoplasm contains  cup-shaped 
vacuoles (C).  X  39,000. 
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Three epidermal cells at the rounded tip of the stolon. The free surface contains pockets 
(A) and material of the same consistency as perisarc  (B) is evident within a cup-shaped 
vacuole (C). Adiacent cell boundaries on the left are more regularly opposed and there 
is some indication  of cytoplasmic  condensations running normal  to  the  cell  surfaces 
which is not present in cell  boundaries on the right.  X  31,000. 
FIGVRE  11 
Epidermal  cclls  at the stolon tip.  Golgi complcxes arc  prominent.  Occasionally open 
vacuoles with  curled  edges somewhat similar to  those that  occur  toward  the  surface 
appear here  (indicated by arrow).  X  31,000. 
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